Analysis of the rib, iliac crest, vertebra, and sternum for fluoride
indicates a direct increase in bone fluoride with an increase in fluoride
in drinking water up to 4.0 ppm.

Fluoride deposition in human bones
d/%' /MW Wm |
 of Sty iv dbiking water

I. ZIPKIN, Ph.D., F. J. McCLURE, Ph.D., N. C. LEONE, M.D., and W. A. LEE, B.S.

N CONJUNCTION with microscopic exami-
nation of human bones for possible effects of
prolonged ingestion of fluoride in drinking
water (reported in this issue by Geever and
associates, pp. 721-731), essentially the same
bones were analyzed for ash and fluoride.
These bones were obtained at autopsy from 69
persons, 36 of whom were exposed to 1.0-to
4.0 ppm fluoride for 10 to 76 years. The re-
maining 33 had lived in areas with less than
1.0 ppm fluoride for 10 to 87 years.

This study represents the first systematic
survey of the fluoride concentration of bones
of individuals exposed to various concentrations
of fluoride in drinking water. Previous studies
of exposure to high levels of fluoride, recently
reviewed by McClure and associates (pp. 741-
746 of this issue), have dealt with no more than
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spectively assistant chief and chief of the Laboratory
of Biochemistry, National Institute of Dental Re-
search, Public Health Service. . Dr. Leone is chief
of medical investigations with the institute, and Mr.
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four cases (7-5). More extensive data have
been reported on the fluoride concentration of
selected bones of individuals in low-fluoride
areas (6-8). .

Most of the persons whose bones were
examined in the present studies died suddenly,
the chief causes being trauma, coronary heart
disease, and cerebrovascular accidents. Al-
though bones of persons with chronic illness or
diseases known to affect bone structure were ex-
cluded from the microscopic study, they were
included in the fluoride deposition study so that
the effect of such conditions might be observed.
The fluoride analysis thus included bones from
8 individuals with a malignancy and 3 with
renal disease. »

The 69 individuals in the fluoride deposition
study, 40 men and 29 women aged 26:through
90 years, provided 190 bones and 64 specimens
of intervertebral cartilage. Approximately 80
percent, of these bones and cartilage specimens
were also examined histologically. The bones,
consisting of a portion of the iliac crest, the
lumbar vertebra, and the sixth rib, were fixed
in 10 percent formalin at autopsy.
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Table 1. Percentage ash and fluoride in dry, fat-free bones of individuals ingesting drinking water
: ‘ containing less than 1 ppm fluoride

Sub- Resi- Iliac crest Rib Vertebra
}sct Sex Age dence .
o. (years) | (years) .
Ash Fluoride Ash Fluoride Ash Fluoride
0.1 ppm fluoride
1| Male.______________ 27 27 56. 8 0. 019 61. 4 0. 020 50. 2 0. 031
2 | Male.______________ 32 12 56. 2 044 56. 9 037 50. 4 . 054
3| Male__..________.__ 35 35 58. 1 045 59. 4 043 4371 7043
4 | Female_ . _._________ 38 12 || e e 52. 2 024
5| Male.______________ 47 10 |- e 49. 9 056
6| Female_____________ 47 15 57. 6 020 57.9 024 46. 6 019
7| Male_______________ 50 25 59. 6 030 60. 9 024 51.7 026
8| Female________.____ 55 20 58. 9 038 £3.9 043 43. 8 036
9| Male_______________ 56 20 52. 6 046 57.8 047 47. 9 007
10 | Male______.________ 62 62 54. 9 032 57. 6 028 50. 9 . 038
11 | Male___.___________ 62 62 58.8 024 57.3 031 46. 8 . 028
12 | Male_______________ 65 41 54. 2 034 54.0 062 43. 2 034
13 { Male_______________ 66 15 57. 6 028 61. 9 039 45.7 . 026
14 | Female. . ___________ 68 10 62. 9 073 65. 5 077 55. 7 . 079
15 | Male__.____________ 69 10 58. 3 035 60. 0 037 50. 5 . 034
16 | Male_______________ 70 60 54. 8 032 60. 2 039 44. 3 042
17 | Female._____._.____ 73 32 54.0 048 57.6 060 44. 6 055
18 | Female_.______.____ 82 40 56. 8 . 044 58. 8 037 | |---C S,
19 | Male______________. 87 87 59. 2 . 055 59. 8 . 062 46. 9 . 059
0.2 ppm fluoride
20 | Female_______._____ 32 10 | e oo 68. 4 0. 023 53.6 |- 0.038
21 | Male_________._____ 32 132 58. 8 0. 053 64. 1 . 031 51.7 . 043
0.3 ppm fluoride 2.
22 | Female. ____________ 48 48 || 60. 5 0.048 | o |emoceao_
23 | Male_.___._______._ 53 24 59.7 0. 046 54. 4 . 056 47. 3- 0. 050
24 | Male___._.___________ 59 B Y SRR PRSI ISP NUNSURRI 46. 2 . 093
25 | Female_ ___________. 74 25 59.0 078 57.9 089 43. 7 . 077
0.1-0.4 ppm fluoride
26 | Male_______________ 32 32 |.oo_-__ JE 56. 2 0. 062 45. 4 0. 061
27 | Female_ . ___________ 40 10 |- 60. 6 . 071 49. 8 . 111
28 | Male____..__________ 44 10 |oo oo fooooos 53. 4 . 039 46. 4 . 042
29 | Male______. e 57 34 | |eooolo o 60. 2 . 039 44.9 . 040
30 | Male_._____________ 59 10 | |ooooo_ 54. 4 . 078 "48. 5 . 094
31 | Male_..____________ ‘ 64 10 | |eoooC 60. 4 . 064 51. 4 . 075
32 | Male..______._______ 71 ) (02 P U 80. 0 . 069 45. 3 . 083
33 | Male_._____________ 74 b1 I R F, 51.3 . 106 49. 8 . 119
Mean_______________ 55. 5 28.1 57. 4 . 041 58.8 . 050 49.0 . 054
SE__ .. 2.8 3.4 .3 003 .7 . 004 .6 . 005
1 Resident of Baltimore, Md.; water fluoridated to 1 2 Residents of Washington, D. C.; water fluoridated
ppm in November 1952; received fluoridated water for © to 1 ppm in June 1952; received fluoridated water
2 years. 4, 2, 3, and 3 years, respectively.
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The intervertebral cartilage was separated
from the vertebra, and all specimens were
cleaned of adhering soft tissues. Each sample
was dried overnight at 105° C., broken into
pieces, and extracted with alcohol for 8 hours
and with ether for 4 hours. After the sample
was ground to pass a 60-mesh sieve, a portion
was ashed for 3 hours at 550° C. and analyzed
for fluoride (9-17). The significance of the
differences in means was calculated according
to Fisher’s ¢ test for paired values. The so-
dium, potassium, calcium, magnesium, phos-
phorus, carbon dioxide, and citrate contents of
these tissues will be reported later.

Bone Fluoride

The percentages of ash and fluoride in dry,
fat-free bones for each individual in the study,
grouped according to the level of fluoride in the
drinking water, are recorded in tables 1
through 4. Ages and years of residence are
also given, but it is not possible to detect any
definite relation between the fluoride concen-
tration and these factors.

The fluoride values for the 15 bones from the
individuals who had a malignancy or renal
disease were within the variations encountered
for others in the same group (subject No. 5 in
table 1; subjects Nos. 8, 10, and 11 in table 3;
iliac crest, subject No. 1 in table 4) or slightly
higher (subject No. 2 in table 2; rib and verte-
bra, subject No. 1 in table 4). No significance
can be attached to the somewhat higher values
since they occurred in individuals from the two

smaller groups (tables 2 and 4). Moreover,
approximately a tenfold increase in fluoride
concentration of the bones from the lowest-to
the highest fluoride areas (tables 1 and 4) was
seen without any apparent tissue damage.

Less Than 1 ppm Fluoride

Individuals exposed to less than 1 ppm fluo-
ride were residents of several localities, with
fluoride concentrations in the drinking water
varying from 0.1 ppm in New York City to
0.4 ppm in San Antonio, Tex. The mean was
0.2 ppm. Five persons in this group, aged 32
through 74 years, drank water fluoridated to
1 ppm fluoride for 2 to 4 years. The fluoride
content of the bones of these five was within
the variations enceuntered in other samples in
this group (table1).

On a dry, fat-free basis, the mean concentra-
tions of fluoride in the various bones of indi-
viduals exposed to less than 1 ppm fluoride
were similar, 0.041, 0.050, and 0.054 percent
for the iliac crest, the rib, and the vertebra,
respectively. As expected, the fluoride con-
centrations of the rib and the vertebra were
generally highest in the individuals from San
Antonio.

Five samples of sternum from this group
varied from 0.040 to 0.101 percent fluoride with
a mean, =+ standard error, of 0.066=+0.012 per-
cent (not including one inordinately high value
of 0.229 percent fluoride). On an ash basis,
they ranged from 0.078 to 0.188 with a mean of
0.134 percent. The mean concentration of fluo-
ride in the ash of the vertebra (0.112+0.010

Table 2. Percentage ash and fluoride in dry, fat-free bones of individuals ingesting drinking
water containing 1 ppm fluoride, Grand Rapids, Mich.!

Sub- Resi- Iliac crest Rib Vertebra
ject Sex Age dence
No. (years) | (years)
Ash Fluoride Ash Fluoride Ash Fluoride
1| Female_____________ 64 12 | e _. 57. 8 0. 135 45. 9 0. 130
2| Female_____________ 64 15 61. 9 0.176 59. 7 . 195 48. 4 . 238
3| Male..______.______ - 82 10 59.5 . 137 54. 5 119 51.3 . 140
- 4| Female_____________ 83 20 61.1 N T 7 P 53. 3 . 135
5| Male_______________ 85 50 62. 2 100 57. 4 . 106 50. 9 . 159
Mean____________.___ 75. 6 21. 5 61. 2 . 138 57. 4 . 139 50.0 . 160
SE. . 1.5 7.4 .6 016 1.1 . 020 1.3 . 020

1 Fluoride added to drinking water January 1945.
exception of male aged 82 years.
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Subjects received fluoridated water for 12 years with
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percent) was similar to that of the sternum ash
(0.134+0.023 percent), but it was significantly
higher than that in the ash of the iliac crest
(0.072+0.006 percent, P<0.01) or in the rib
(0.086-0.008 percent, P<0.05).

While ash concentrations of the vertebra and
the sternum were similar (49.0 percent and 49.4
percent), they were significantly lower than
that of the iliac crest (57.4 percent, 7<0.01) or
the rib (58.8 percent, P<0.01).

Fluoride Level of 1 ppm

A second group, composed of 5 persons, were
residents of Grand Rapids, Mich., where the
water supply was fluoridated to 1 ppm in Jan-
uary 1945. The autopsy specimens were ob-
tained between November 1956 and January
1957; thus exposure to 1 ppm fluoride was for
a maximum of 12 years during the last years of
life.

As with the low-fluoride group, no differ-
ences were found in the concentration of fluo-

ride in the various bones of this group (table
2). On a dry, fat-free basis, the mean per-
centages were 0.138 for the iliac crest, 0.139 for
the rib, and 0.160 for the vertebra. The fluo-
ride concentrations of the ash of the iliac crest
(0.225-0.026 percent) and of the rib (0.241=+
0.030 percent) were similar, but they were
significantly lower than that of the vertebra
(0.823:0.043 percent, P<0.05). Appreciable
amounts of fluoride thus accrued during the last
10 to 12 years of life of these 5 individuals aged
64 through 85 years.

For the 5 exposed to 1 ppm fluoride, the con-
centrations of ash in the iliac crest (61.2 per-
cent) and the rib (57.4 percent) were similar
but significantly higher than that of the verte-
bra (50.0 percent, P<<0.01).

Fluoride Level of 2.6 ppm

Colorado Springs, Colo., and Amarillo, Tex.,
were the residences of 27 subjects. Colorado
Springs has had a uniform and verified history

Table 3. Percentage ash and fluoride in dry, fat-free bones of individuals ingesting drinking water
containing a mean of 2.6 ppm fluoride, Colorado Springs, Colo., and Amarillo, Tex.

Sub- ) Resi- Iliac crest Rib Vertebra
{gct Sex Age dence
o. (years) | (years)
Ash Fluoride Ash Fluoride Ash Fluoride
1 36 10 59. 6 0. 095 57.8 0. 106 47.3 0. 098
2 36 36 58. 9 . 092 61. 1 . 103 49, 7 . 145
3 47 10 57.3 . 219 59. 7 . 194 54. 3 . 239
4 47 15 61. 4 . 481 66. 7 . 370 56. 8 . 521
5 50 10 57.9 129 58. 3 . 199 52. 7 179
6 53 22 61. 2 111 62. 2 . 134 52. 4 . 163
7 54 20 62. 0 . 247 65. 0 . 179 53.8 . 332
8 54 20 | 56.'1 . 269 43. 7 . 325
9 56 10 57. 3 . 141 55. 1 . 104 44. 9 . 150
10 57 46 58. 2 . 288 59.5 . 278 32.7 . 197
11 58 25 | e 58.9 . 391 45.0 . 334
12 63 25 60. 0 . 297 58.0 . 279 47.8 . 305
13 65 30 60. 0 . 268 56. 9 . 276 47.9 . 299
14 66 10 62. 7 . 214 59. 4 . 194 44. 3 . 244
15 69 28 59. 9 . 458 58. 2 . 453 50. 7 . 548
16 71 36 53.3 . 454 57.2 . 363 47.2 . 400
17 75 16 60. 8 . 237 59. 3 . 244 42, 6 . 262
18 76 76 61. 6 . 371 55.5 . 347 54.0 . 346
19 79 40 61. 7 . 176 59. 4 . 161 47. 3 . 189
20 80 13 60. 4 . 190 59. 5 . 205 © 50.2 . 293
21 81 52 60. 1 . 321 59. 3 . 293 36. 6 264
22 82 76 56. 4 . 334 52.3 . 338 46.0 382
23 83 54 62.0 . 325 62. 4 . 267 51.9 . 367
24 83 60 58. 6 . 348 62. 4 . 373 56. 1 . 363
25 84 32 60. 9 . 154 58. 6 . 121 53. 7 . 177
26 84 62 59. 3 . 431 61. 7 . 443 45. 4 321
27 90 55 60. 9 . 304 62. 2 . 245 48. 1 . 295
65. 9 32.9 59.7 . 267 59.7 . 257 48.3 . 286
3.0 4.0 .4 . 023 .6 . 020 1.1 . 023
735
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Table 4. Percentage ash and fluoride in dry, fat-free bones of individuals ingesting drinking water
containing a mean of 4.0 ppm fluoride, Lubbock, Tex. ‘

Sub- Resi- Tliac crest Rib Vertebra
ject Sex Age dence b
No. (years) | (years)
Ash Fluoride Ash Fluoride Ash Fluoride
1| Male________________ 26 17 6 0. 445 62. 8 0. 458 51.2 0. 564
2| Male________________ 53 10 . 8 . 374 54. 5 . 401 47. 5 . 348
3| Male._______________ 71 48 .1 . 542 53.3 . 449 59.9 . 470
4| Female._.___________ 74 10 58.1 . 291 59. 4 . 284 44. 3 . 261
Mean_______________ 56 21. 3 9 . 413 57. 5 . 398 50.7 . 411
B ____ 11 9.1 9 . 053 2.2 . 040 3.4 . 068

of 2.5 ppm fluoride within narrow limits for
some 75 years (12, 13). The fluoride level of
the water of Amarillo from 1934 to 1948 ranged
from 3.6 ppm to 6.2 ppm (Z74). According to
a personal communication from the city chem-
ist, 33 new wells were added between 1948 and
1953, and the fluoride level ranged from 2.6 to
3.2 ppm. In 1955 and 1956 the water supply
of ‘Carson County, which probably contains less
than 1 ppm fluoride inasmuch as Dean (15) con-
sidered the incidence of mottled enamel vir-
tually negative, was developed to augment that
of Amarillo. In 1957, 92 wells were pumping
into the Amarillo reservoir, and the fluoride
content averaged 1.6 ppm. From 1948 to 1957,
the fluoride level of the drinking water in
Amarillo averaged 2.8 ppm, and the weighted
mean for the two cities was 2.6 ppm.

For the 27 individuals, the mean fluoride con-
centration, on a dry, fat-free basis, of the iliac
crest was 0.267 percent; of the rib, 0.257 per-
cent; and of the vertebra, 0.286 percent (table
3). On an ash basis, the mean concentration
of fluoride in the vertebra (0.5980.015 per-
cent) was significantly higher than that in the
iliac crest (0.450--0.040 percent, P<0.01) or
in the rib (0.432+0.036 percent, P<0.01). The
concentration of ash in the iliac crest and the rib
(59.7 percent) was significantly higher than
‘that in the vertebra (48.3 percent, £<0.01).

Fluoride Level of 4.0 ppm
Prolonged exposure to about 4.0 ppm fluoride
in the drinking water took place in Lubbock,
Tex., now the largest community in the United
States reported to have this much fluoride. Be-
cause of the unusually high fluoride content of
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its drinking water, Lubbock, as well as Amarillo,
has been the scene of a number of previous
studies of the effects of fluoride (74-18). -The
water fluoride of Lubbock up to 1948 ranged
from 3.5 to 4.4 ppm (Z4).. In a recent letter
from the Lubbock City-County Health Depart-
ment, the fluoride content of the water supply
from storage reservoirs was reported to have
varied from 3.1 to 5.2 ppm from 1948 through
1955, with a mean of 4.0 ppm. The four sub-
jects from Lubbock were autopsied from May
through July 1955.

For the Lubbock residents as for the other
subjects, the fluoride concentrations of the dry,
fat-free iliac crest, rib, and vertebra were not
significantly different, being 0.413, 0.398, and
0.411 percent, respectively. Although the con-
centration of fluoride in the ash of the vertebra
(0.802 £0.109 percent) was greater than that of
the iliac crest (0.687 *0.081 percent) or that of
the rib (0.629 #0.095 percent), the difference

_ was not significant (2>0.05). The ash content

of the iliac crest (59.9 percent) and that of the
rib (57.5 percent) were similar but higher than
the ash content of the vertebra (50.7 percent).
An unusually high value of 59.9 percent ash for
a specimen of vertebra prevented any level of
significance being attached to the difference in
the mean ash content of the various bones.

Group Comparison
To summarize these data, the mean concentra-
tions of fluoride in the various bones were
plotted against the fluoride level of the drinking
water to ‘which the individuals were exposed
(see chart). The result indicates that the rela-
tion between fluoride in the bones and fluoride

Public Health Reports



Relation of fluoride in dry, fat-free bones to
fluoride in drinking water.

T T T T
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in the drinking water up to 4.0 ppm is ade-
quately described by a straight line function.

Other Findings

The concentration of fluoride in the dry, fat-
free intervertebral cartilage also appeared to
increase somewhat with elevated levels of water-
borne fluoride (table 5). Calcification of this
tissue, however, appears not to have been
affected by the fluoride concentration of the
drinking water.

In addition to the fluoride and ash analyses
reported in the preceding tables, it may be of
interest to note that the fat content of neither
the bones nor the intervertebral cartilage was

related to the fluoride content of the drinking
water. The mean concentrations of fat in the
oven-dry bones had the following range:

Fat content (percent)

Lowest Highest
Tliac erest_______________ 23.245. 7 35.3+2.6
Rib_ . _______ 23.44+3. 6 30.24+5.7
Vertebra__. _____________ 32.24+7.6 43.8+4.3
Sternum 1_______________ 41.3+4.3 41.3+4. 3
Intervertebral cartilage._ .. 1.8+ .2 3.3+ .8

1 Only one fluoride group examined.

Discussion

The fluoride concentrations in the bones ex-
amined in the present study from both low-
fluoride areas and high-fluoride areas approxi-
mate those observed in the previous limited
studies (tables 6 and 7). For one resident of
London, a low-fluoride area, a very high value
of 0.687 percent fluoride in rib ash was obtained
(7). The highest concentration of fluoride
found in the present study in bones of individu-
als who had been drinking water containing less
than 1.0 ppm fluoride was 0.428 percent in a
sample of ashed sternum, and the next high
value was 0.238 percent fluoride for a sample of
vertebral ash. In considering the data for
high-fluoride areas, some reservations must be
attached. to the high values presented by Kil-
born and associates (5), since these results may
have been due to the subnormal living standards
and the low nutritional status of this area
(Chengtu, China).

Fluoride in the drinking water up to 4.0 ppm
did not affect the ash content of any of the bones
analyzed.

For any given level of fluoride in the drinking
water, the mean concentrations of fluoride in the

Table 5. Percentage ash and fluoride in intervertebral cartilage in relation to fluoride level of
drinking water

Dry, fat-free basis Ash basis
Fluoride level of water (ppm) Number of :
‘ samples
Ash Fluoride Fluoride "
<10 . 29 4.8+0.3 0. 003+ 0. 000 0. 0494-0. 008
1.0 - 5 3.9+ .3 . 0044+ . 001 . 090+ .029
2.6 . 26 3.8+ .2 . 004+ . 001 . 098+ .015
4.0 . 4 424 .1 . 0074+ . 003 . 1594+ . 056

Note: Data are expressed as mean+standard error.
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Table 6. Percentage fluoride in human bone

ash from low-fluoride areas

Fluoride level of water Number Fluoride in
(ppm) Bone of bone ash Source of data
samples (percent)
1 0.01 | Boissevain and Drea (3).
0.0 1 .1 Do.
it 1 .02 Do.
1 . 16 Do.
Not given, presumably @ 1 : 8?3 Klemlggt (19).
low.! R 11 0. 048 21 | Roholm (1).
Tliac erest__________ 13 3.028- 128 | Martin (8).
0.1 . ib_ .. 83 . 006~ 252 | Smith and associates (7).
Vertebra. ______________ 83 . 005~ 331 Do.
0.0-0.5___________________ Rib____ . 25 . 115~ 687 | Glock and associates (6).
Iliac erest._ ... __________ 20 . 034-. 132 | Present study.
1.0 Rib___ . 30 . 033-. 207 Do.
ittt Vertebra_______________ 31 . 040-. 238 Do.
’ Sternum.________________ 5 . 078 188 Do.
1 Designated as ‘“‘normal’’ individuals. 3 Data originally given on dry, fat-free basis; calcu-
2 Not given. lated to ash basis assuming mean ash value of 59.0
percent for iliac crest from present study.
Table 7. Percentage fluoride in human bone ash from high-fluoride areas
Fluoride level of water Number Fluoride
(ppm) Bone of in bone ash Source of data
samples (percent)
2.0 .. Ribo . 4 0.12 -0. 35 | Boissevain and Drea (3)
59and 6.3_______________ Miscellaneous._._____.___ 15 1. 47 -2. 21 Kilborn and associates ()
Sternum.________________ 1 .69 | Linsman and McMurray
44120 ______________ 4.
Vertebra__._____________ 1 .75 0.
8.0 e Miscellaneous__.________ 8 . 715—- . 967 | McClure and associates.!
Tliac erest_ - ___________ 33 . 157~ . 872 | Present study..
1.0-40____ . Rib__ .. 35 . 150- . 843 Do.
Vertebra.__ _________.___ 36 . 208-1. 103 Do.

1 This issue of Public Health Reports, pp. 741-746.

dry, fat-free iliac crest, rib, and vertebra were
similar. On an ash basis, however, the fluoride
concentration of the vertebra was significantly
higher than that of the rib at fluoride levels up
to 2.6 ppm. At higher amounts of fluoride in
the drinking water, this difference did not
obtain.

Previous studies dealing with fluoride deposi-
tion in the white rat (20-22) and urinary fluo-
ride excretion by the rat (23) and by man
(24,25) have indicated that as bone ages it may
lose some of its capacity to store fluoride. This
decrease in fluoride deposition with increasing
age has been presented in graphic form by
Hodge (26) based on the data on man of Smith
and associates (7). In the present study, most
of the subjects were of advanced age, and the
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means for the four groups varied only from 55.5
to 75.6 years. Hence, on the one hand, it was
unlikely that a relation between fluoride deposi-
tion and age would be apparent; on the other
hand, the age factor would tend not to bias any
relation between bone fluoride and water
fluoride.

From this extensive survey on the fluoride
content of human skeletal tissues, it appears that
the deposition of fluoride is directly related to
the fluoride content of the drinking water up
to4.0 ppm. Thedeposition of fluoride in dentin
and enamel is also elevated proportionately with
an increasing concentration of fluoride in the
drinking water (27).

There is no indication in these data or in those
of previous studies that these human calcified
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tissues approach their theoretical capacity of
about 3.5 percent fluoride, although drink-
ing water containing as much as 4.0 ppm fluoride
was ingested. Prolonged exposure to the water
of Colorado Springs, Colo., and Amarillo, Tex.
(2.6 ppm fluoride), and to that of Lubbock, Tex.
(4.0 ppm fluoride), elevated the fluoride content
of the bone ash to a maximum of 1.080 and 1.103
percent, respectively.

The data from the five subjects of Grand

Rapids, Mich., are of special interest. Ex-
posure to water containing 1 ppm fluoride did
not exceed 12 years, and the average age of the
subjects at the time they started to use fluo-
ridated water was about 63 years. Neverthe-
less, a mean concentration of 0.146 percent fluo-
ride on a dry, fat-free basis was found in these
relatively old bones, compared with an average
value of 0.049 percent in the bones of individ-
uals of an average age of 56 years ingesting
water containing less than 1.0 ppm fluoride.

The fluoride data in the present study coupled
with the microscopic findings on essentially the
same individuals constitute substantial evi-
dence that a concentration of fluoride as high
as 0.548 percent in the dry, fat-free bone and
1.080 percent in the bone ash (for subjects in
both studies) may be present without produc-
ing any apparent tissue damage.

Summary

Selected bones and skeletal tissue—iliac crest,

rib, vertebra, sternum, and intervertebral carti- .

lage—obtained from 69 individuals 26 through
90 years of age who had drunk water contain-
ing 0.1 to 4.0 ppm fluoride for at least 10 years
were analyzed for ash and fluoride. These
bones, which showed no significant histologi-
cal changes, contained up to 0.548 percent fluo-
ride on a dry, fat-free basis and 1.080 percent
fluoride on an ash basis. The mean ash content
of the iliac crest and ribs varied from 57.4 to
61.2 percent and that of the sternum and verte-
bra from 44.6 to 53.7 percent.

At any given level of fluoride in the drinking
water, the various bones contained, on a dry,
fat-free basis, similar concentrations of fluo-
ride. The fluoride concentration of the inter-
vertebral cartilage was considerably less than
that of the bones.
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The concentration of fluoride in the bones
increased in an essentially linear fashion with
an increase of fluoride in the drinking water
up to 4.0 ppm.
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Training in Radiological Health.

Sanitary Engineering Center. A course in
the medical and biological aspects of radio-
logical health will be given at the Robert A.
Taft Sanitary Engineering Center, Public
Health Service, October 20-31, 1958. De-
signed for medical, dental, and biological
personnel responsible for program decisions
in Federal, State, and local health agencies, the
course will present data pertinent to radio-
logical health program planning, with em-
phasis on radiation exposure in the healing
arts.

Areas to be covered include biological ef-
fects of radiation, philosophy and procedures
of radiation protection, practical methods of
reducing exposure from medical and dental
X-rays, administrative problems of a radio-
logical health program, and the current status
of legislative and regulatory procedures.

No previous formal training in radioactivity
or radiation is necessary, and there are no
tuition or fee charges. Application forms and
further information concerning the course
may be obtained from the Robert A. Taft Sani-

tary Engineering Center, 4676 Columbia Park-
way, Cincinnati 26, Qhio.

University of Pittsburgh. Beginning in 1958-
59, 2- and 3-year courses in the health aspects
of nuclear technology leading to master’s and
doctor’s degrees will be offered by the Gradu-
ate School of Public Health. Although focused
on occupational and health aspects of nuclear
reactors, the new program will cover the fields
of health physics and radiation biology. In
addition to graduate school facilities, other
University Medical Center facilities and some
community installations will be used.

Pittsburgh’s radiation health training pro-
gram, located in the department of occupa-
tional health, was made possible by a 10-year
grant from the Rockefeller Foundation. An
additional grant of $30,000 awarded by the
Atomic Energy Commission will be used for
equipment and instruments.

Applications and more information may be
obtained from the Secretary, Graduate School
of Public Health, University of Pittsburgh,
Pittsburgh 13, Pa.
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